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571 ABSTRACT

A DNA sequence (—426 to +28 base pairs) cloned from the
probasin (PB) gene promoter region confers androgen regu-
lation in cell culture and prostate specific expression in
transgenic non-human eukaryotic animals. Various PB pro-
moter fragments impart preferential regulation by androgens
compared to other steroid hormones on fused transgenes.
Alteration of the DNA sequences and/or combinations per-
mits production of an (1) assay for androgenic or anti-
androgenic materials, (2) transgenic non-human eukaryotic
animal models for prostatic disease, (3) cell culture models
for prostatic disease. and (4) treatment of human benign
prostatic hyperplasia and human prostate cancer by gene
therapy. This invention permits assays on agonist and
antagonist of the androgen receptor or pathways that result
in androgen action, testing materials for carcinogenicity of
the prostate. testing drugs and gene therapy. or protection
potential of materials on prostatic cells against prostatic
disease.

17 Claims, 5 Drawing Sheets
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ANDROGEN REGULATION WITH DNA
SEQUENCES OF RAT PROBASIN GENE

CONTINUING DATA

This application is a national stage application of PCT/
CA93/00319, filed Aug. 9. 1993 and claims priority under 35
USC 119 to GB 9216851.7, filed Aug. 7. 1992.

FIELD OF THE INVENTION

The present invention is concerned with a novel DNA
molecule and fragments thereof, which permits production
of an (1) assay for androgenic or anti-androgenic materials,
(2) transgenic non-human eukaryotic animals models for
prostatic disease, (3) cell culture models for prostatic
disease, and (4) treatment of human benign prostatic hyper-
plasia and human prostate cancer by gene therapy. This
invention permits assays on agonist and antagonist of the
androgen receptor or pathways that result in androgen
action, testing materials for carcinogenicity on the prostate,
testing drugs and gene therapy, or protection potential of
materials on prostatic cells against prostatic disease.

BACKGROUND OF THE INVENTION
Androgen Activity

A clinical need to assay the function of the androgen
receptor (AR) occurs when defects appear in the pathway of
androgen action. For example, mutations in the AR affect the
bioactivity of the receptor in Androgen Insensitivity
Syndrome, AIS. (Kazemi-Esfarjani et al.. 1993; Brinkmann
et al., 1991; Brinkmann et al.. 1992a; Brinkmann et al.,
1992b; De Bellis et al., 1992; French et al., 1990; Imperato-
McGinley et al., 1990; Lubahn et al., 1989; Quigley et al.,
1992; Ris-Stalpers et al., 1990; Ris-Stalpers et al., 1991;
Simental et al., 1992) or testicular feminized animals
(Yarbrough et al., 1990; He et al., 1991), Kennedy Syndrome
(La Spada et al., 1991), prostate cancer (Newmark et al.,
1992; Brinkmann et al., 1991; Veldscholte et al., 1992b;
Veldscholte et al., 1992a; Veldscholte et al., 1990) and breast
cancer (Wooster et al., 1992). Besides mutations directly in
the receptor, defects can occur in the non-androgenic mecha-
nism for steroid receptor activation as has been reported for
steroid receptors (Power et al., 1991; Shemshedini et al.,
1992; Kuiper et al.. 1993). An assay that would measure the
extent of these defects would also provide a tool to test new
materials that may activate the defective receptor and form
the basis of a therapy.

Androgen receptors are members of a nuclear receptor
superfamily which are believed to function primarily as
transcription factors that regulate gene activity through
binding specific DNA sequences to hormone responsive
elements (HRE) and associated factors (Allan et al., 1991;
Smith et al., 1993; Evans, 1988; Beato, 1989). In general,
these HREs can be grouped into two categories of inverted
repeat consensus sequences: the TGACC motif that medi-
ates estrogen, retinoic acid, and thyroid hormone responses
(Klein-Hitpass et al., 1986; Umesono et al., 1988); and the
TGTTCT sequence that confers regulation by
glucocorticoids, progestins and androgens (Scheidereit et
al., 1986; Shrahle et al., 1987; Ham et al., 1988). The
inclusion of the androgen receptor responsive element
(ARE) in this latter group is based largely on observed
binding of androgen receptors to the glucocorticoid respon-
sive element (GRE) of mouse mammary tumor virus
{(MMTV) DNA (Ham et al., 1988; Roche et al.. 1992; Darbre
et al.. 1986; Cato et al., 1987) and the tyrosine aminotrans-
ferase (TAT) gene (Denison et al.. 1989).
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Androgen regulation of the C3(1) gene which encodes a
polypeptide component of prostatic steroid-binding protein
has been investigated (Heyns et al., 1978; Hurst et al.. 1983;
Parker et al., 1988; Parker et al.. 1980). Although sequences
within both the promoter region and first intron of the C3(1)
gene have high affinity binding for androgen receptors
(Perry et al.. 1985; Claessens et al.. 1993; De Vos et al.,
1991; Rushmere et al., 1990). attempts to use these
sequences to confer androgen regulation on a homologous or
heterologous promoter-reporter system have met with lim-
ited success (Parker et al., 1985; Parker et al.. 1988); with
only a weak androgen induction seen with these genomic
fragments (Claessens et al.. 1993; Tan et al., 1992; De Vos
et al.. 1991; Rushmere et al.. 1990; Claessens et al.. 1990b;
Claessens et al., 1990a; Claessens et al., 1989b; Claessens et
al.. 1989a). Recently. DNase I footprinting experiments have
shown that the DNA-binding domain of the androgen recep-
tor binds to a glucocorticoid responsive element (GRE)
present in this intronic fragment (De Vos et al. 1991;
Claessens et al., 1993). The occurrence of a complete GRE
in this gene is consistent with the observed effects of
glucocorticoids on the expression of the C1 component of
prostatic binding protein (Rennie et al., 1989). The human
prostate specific antigen (PSA) gene is androgen regulated
in human prostate tumors and in cell culture (Riegman et al.,
1991; Montgomery et al.. 1992; Young et al.. 1992; Murphy
et al.. 1992; Armbruster, 1993). Construction of the PSA
DNA promoter reveal a GRE-like sequence that responds to
androgens (Riegman et al.. 1991). The Slp gene demon-
strates specific androgen regulation via GRE-like sequences
(Adler et al., 1992; Adler et al.. 1991). Other androgen
regulated genes from the prostate have been cloned. such as
the SVS II (Dodd et al., 1983; Dodd et al., 1986; Harris et
al.. 1990), 20 kDa protein (Ho et al.. 1989), and DP1 (Ho et
al.. 1992). but the androgen regulatory sequences have not
been identified.

Transgenic animals

The introduction of a gene into the germline at the one cell
or early embryonic stage produces a transgenic animal
which will contain and pass on the gene to its offspring.
Tissue specific expression of a gene can be restricted by
tissue specific elements with the DNA. Success with pros-
tate specific expression of transgenes has been limited and
often not restricted to the prostate. For example, the com-
plete rat C3(1) gene including 4.3 kb of 5'-flanking sequence
and 2.2 kb of 3'-flanking sequence will give prostate specific
expression in transgenic mice (Allison et al., 1989). but
using only the 6 kb of 5'-flanking C3(1) resulted in trans-
genic lines that targeted to the prostate, seminal vesicles., and
testis (Buttyan et al., 1993). MMTV coupled to int-2 pro-
duced a transgenic mouse line that developed prostatic
epithelial cell hyperplasia that was androgen regulated but
the males are sterile (Muller et al., 1990; Leder, 1990;
Tutrone et al.. 1993). Various males in different lines. in
addition to expressing the transgene in the prostate, also
expressed the int-2 gene in the seminal vesicles, vas
deferens, salivary gland while the females expressed the
gene in the mammary gland and developed mammary hyper-
plasia (Leder, 1990). However, targeting with MMTYV can
lead to expression in the testis resulting in sterility (Lucchini
et al., 1992). Using the gp91-phox gene promoter (a gene not
normally expressed in the prostate) linked to the early region
of SV-40 virus, lesions in the prostate defined as neuroblas-
tomas were created (Skalnik et al., 1991) .

Any gene targeted to the prostate in transgenic animals
may alter prostatic growth and function. Oncogenes and
tumor suppressor genes (Fleming et al., 1986; Matusik et al.,



5,783,681

3

1987; Dodd et al.. 1990; Hockenbery. 1992; Buttyan et al.,
1993; Carter et al., 1990a; Carter et al.. 1990b; Tutrone et al..
1993: Bookstein et al.. 1993; Thompson et al.. 1993; Peehl.
1993: Dodd et al.. 1993; McNicol et al., 1991; McNicol et
al.. 1990a; McNicol et al.. 1990b) as well as growth factors
(Morris et al.. 1990; Ichikawa et al., 1992; Isaacs et al.
1991a; Isaacs et al.. 1991b; Carter et al..1990a; Pienta et al.,
1991; Morton et al.. 1990) implicated in the development of
prostatic hyperplasia or cancer are likely starting points. In
addition, genes such as the large T antigen. which success-
fully induce cancer in endocrine glands when targeted in
transgenic animals, are suitable candidates (Anonymous.
1991; Stefaneanu et al., 1992; Hanahan, 1986; Rindi et al..
1991; Hamaguchi et al., 1990).

Transgenic animals that express the transgene in a tissue
or non-tissue specific can result in new models. For
example. non-tissue specific expression can result in dis-
eased states in a number of tissues while tissue specific
expression of targeted genes can lead to disease states in
targeted organs as follows: cancer models (Burck et al..
1988; Yamamura. 1989; Folkman et al.. 1989; Reynolds et
al.. 1988; Anonymous, 1992; Bautch, 1989; Hanahan. 1986;
Lucchini et al., 1992; Anonymous., 1988); mammary adeno-
carcinoma (Muller et al., 1988; Muller. 1991; Pawson, 1987;
Callahan et al.. 1989; Muller, 1991; Strange et al.. 1990);
hyperplasia and dysplasia (Mayo et al., 1988; Borrelli et al..
1992; Eva et al., 1991; Lin et al.. 1992; Matsui et al., 1990);
neuroblastomas (Dalemans et al., 1990); liver cancer (Butel
et al.. 1990; Dubois et al., 1991; Sandgren et al.. 1993;
Sandgren et al.. 1989); gonadal tumors (Schechter et al..
1992: Matzuk et al., 1992); thymic mesenchymal tumors
(Sinkovics, 1991); and leukaemia (Knight et al.. 1988;
Adams et al., 1985). Further. targeted genes may function to
accelerate tumor formation by conferring susceptibility to
transformation by factors or carcinogens (Langdon et al.,
1989; Breuer et al., 1989; Mougneau et al.. 1989).
Promoters, such as metallothionein (MT). often lead to
general expression in many organs (Dyer et al.. 1989;
Iwamoto et al., 1991) while the MMTV promoter limits
expression to endocrine target tissues due to its HRE (Ham
et al.. 1988; Roche et al.. 1992; Darbre et al., 1986; Cato et
al.. 1987). Even using a general promoter can lead to specific
effects if the factor expressed targets a specific tissue, ie.
MT-growth hormone releasing factor (Mayo et al., 1988) or
ectopic nerve growth factor (Borrelli et al., 1992) lead to
pituitary hyperplasia in transgenic mice.

Gene therapy

The treatment of human disease or disease in non-human
eukaryotic animals by gene therapy started with the goal to
correct single-gene inherited defects. Advances have
expanded that goal to include the treatment of acquired
diseases. such as cancers (Davies. 1993; Anderson. 1992;
Mulligan, 1993; Culotta, 1993; Felgner. 1993; Tolstoshev et
al.. 1993). Approved clinical trials are presenting encourag-
ing results. The practical problem has been the development
of efficient and specific approaches that will transfer and
express a gene within the correct cell type. The approaches
can be classed as viral and nonviral methods to transfer
genes. Some of the therapeutic approaches transfer the
gene(s) to patient cells which have been cultured and then
returned to the same individual (Fenjves et al., 1989). Others
attempt direct transfer of the gene to the human tissue. For
example, a DNA complex with liposomes can be delivered
to the airway and correct the cystic fibrosis defect in
transgenic mice (Hyde et al., 1993). Direct gene transfer by
DNA: cationic liposomes into adult mice demonstrates
efficient transfer and expression occurs in most organs (Zhu
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et al., 1993). If the gene is stably integrated. then the defect
may be corrected while. if the gene was transiently
expressed, then a relief in the discase would likely be
transient. However. in cases. such as cancer, where the goal
is to kill the cancerous cell. transient expression would be
sufficient if the expressed gene is toxic (Short et al.. 1990;
Culver et al., 1992). Approaches may include expressing
tumor suppressor genes (Friedmann, 1992) or genes to
inhibit expressed oncogenes (Mukhopadhyay et al.. 1991).

SUMMARY OF THE INVENTION

In one aspect. the present invention provides an isolated
DNA molecule comprising a 5'-flanking region of the rat
probasin gene and containing at least one androgen respon-
sive element. preferably two such elements. The DNA
molecule preferably has the sequence shown in FIG. 1 (SEQ
ID NO: 1) or one which hybridizes thereto under stringent
conditions (SEQ ID NO: 2 shows the derived amino acids
for the amino acid coding portion of the DNA molecule).

In another aspect of the invention, there is provided an
isolated DNA molecule comprising an androgen responsive
element of the rat probasin gene or a mutation thereof
retaining androgen activity, preferably, the DNA sequence
comprises nucleotides —241 to —223 and/or nucleotides
-140 to -117, as seen in FIG. 1, or a mutation thereof
retaining androgen activity. In one embodiment, nucleotides
—130 to —127 are replaced by nucleotides TACT (SEQ ID
NO: 3) or GTCT (SEQ ID NO: 4).

The present invention includes not only the isolated and
purified PB nucleotide sequences but also includes (1) an
assay for androgenic or anti-androgenic materials, (2) trans-
genic non-human eukaryotic animals models for prostatic
disease, (3) cell culture models for prostatic disease. (4)
treatment of human benign prostatic hyperplasia and human
prostate cancer employing such DNA sequences. The
present invention permits assays on agonist and antagonist
of the androgen receptor or pathways that result in androgen
action, testing materials for carcinogenicity on the prostate,
testing drugs and gene therapy. and protection potential of
materials on prostatic cells against prostatic disease.

First. the Figures and Tables will be described. Unless
otherwise stated, all bioassays of PB constructs are per-
formed in PC-3 cells with the cotransfection of the appro-
priate steroid receptor expression vector (Remnie et al.,
1993; Kazemi-Esfarjani et al., 1993).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the PB rat genomic sequence from —426 to
+28 bp (SEQ ID NO: 1). The start of transcription is shown
as v with the number starting immediately after as +1. All
negative numbering is relative to the start site of transcrip-
tion. Sequences beyond +28 define additional leader
sequences and amino acid sequence of the first exon for PB.
By sequence homology, the GRE-like sequence (ARE-1),
CAAT box (SEQ ID NO: 5). and TATAA box (SEQ ID NO:
6) are underlined.

FIG. 2 shows the deletion mapping of PB 5'-flanking
sequences (—426. —346, —307, —286, —244. -235, ~157 bp)
in PB-CAT, co-transfected in PC-3 cells with rAR or rGR
expression vectors plus DHT (solid circles) or DEX (solid
triangles), respectively. Activity of CAT with the rAR (open
circles) or rGR (open triangles) expression vector without
hormone addition served as the baseline (lower panel).

FIG. 3 shows the CAT activity of wild type (wt) AREs
(ovals) in —244 PB-CAT compared to single base mutation
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(hatched ovals) in either ARE-1 (mut 1) or ARE-2 (mut 2).
Activities are shown as fold induction from baseline for
DHT and DEX with their respective steroid receptor in PC-3
cells.

FIG. 4 shows the bioassay of wild type human AR
compared to when valine-865 is substituted by methionine
(V865M) or leucine (V865L) which results in complete or
partial AIS. respectively.

BRIEF DESCRIPTION OF TABLES

Table I shows the hormonal induction of PB-CAT in HeLa
and PC-3 cells with DHT, DEX. and progestin.

Table I shows that the specifictight AR binding is
dependent upon both ARE sites as well as adjacent DNA
sequences.

Table I shows that the bioactivity and specificity for AR
is dependent upon both AREs as well as adjacent DNA
sequences.

Table IV shows the bioactivity of —286 PB-ARE2*CAT
compared for wild type =286 PB-CAT for wild type AR and
when valine-865 is substituted by methionine or leucine in
AIS.

Table V shows the bioassay effect on androgen induction
when repeats —244 to ~96 adjacent to TK-Luc.

Table VI shows the sensitivity increase to very low levels
of androgen compared to the glucocorticoid DEX when the
repeat n=3.

Table VII shows the sensitivity increase of repeat n=3 to
detect differences in the wild type human AR from AIS
samples.

Table VIII shows the high PB-CAT activity in the pros-
tatic lobes of transgenic line #4248.

Table IX shows PB-CAT transgenic line #4248 expression
in the mouse compared the endogenous rat PB gene. Expres-
sion in lateral lobe is taken as 100% and all other expression
is compared relative to this value.

Table X shows the PB-CAT transgenic line #4248 expres-
sion after castration and androgen or glucocorticoid replace-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

1) Assay for Androgenic or Anti-Androgenic Materials.

The inventor has isolated and sequenced (FIG. 1) the
5'-flanking DNA of the rat probasin (PB) gene which is
expressed specifically in the prostatic lobes and detectable in
the seminal vesicles (Matusik et al., 1986). The probasin
gene codes for a secreted and nuclear protein (Spence et al.,
1989), which is androgen regulated in vivo and in vitro
(Dodd et al., 1983; Rennie et al., 1993).

Isolation of Genomic Probasin Clone

To isolate the 5'-flanking DNA of the PB gene, pM-40
(Dodd et al., 1983), a ¢cDNA clone which contains the
complete coding region for PB (Spence et al., 1989), was
used to screen a rat genomic library. Four positive clones
were initially isolated and found to be identical after restric-
tion and hybridization analysis. After subcloning into
pUCI119. the genomic clones were bidirectionally
sequenced. The sequence of the 5-flanking DNA of PB
between —426 to +28 base pair (bp) is shown in FIG. 1. The
5 boundary of exon 1 was defined by both primer extension
and S1 nuclease mapping (Spence et al., 1989). A major
transcription start site (position 0) is followed four bp
downstream by a minor start site. The canonical CAAT and
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TATAA boxes are underlined in FIG. 1 and located at —48
and —-27 respectively. Four similar CAAT boxes are found at
—-101, -95. —82, and -75.

DNase I Footprinting Analysis

The DNase I footprinting was performed essentially as
described (Von der Ahe et al., 1993; Rennie et al.. 1993).
Proteins (10 ng to 18 pg) were incubated with 20.000 cpm
of the labelled DNA in 100 pl of DNA binding buffer for 30
min at 20° C. After adjusting the samples to 4 mM MgCl,
and 2.5 CaCl, mM, 5 ng of DNase I was added and allowed
to digest the DNA for 2 minutes at 20° C. The reaction was
stopped by adding 100 pl of stop buffer (0.25% SDS. 0.3M
EGTA, and 500 pg/m! of proteinase K) and incubated for 1
hour at 37° C. The samples were extracted with phenol-
chloroform; precipitated with 0.2M sodium acetate. 85
pg/ml carrier tRNA. and 2 volumes of ethanol; redissolved
in 3 pl of formamide dye solution. After heating at 70° C. for
10 minutes and rapid cooling on ice, the samples were
loaded, together with an A+HG Maxam-Gilbert sequencing
reaction to obtain a purine ladder, on 7% polyacrylamide/
urea gels (acrylamide:bis, 30:1) and run (Rennie et al..
1993). The gels were dried and set up for autoradiography.

The androgen response elements (ARE) are located at
—241 to ~223 (ARE-1) and -140 to —117 (ARE-2). The
sequence of A